The low-lying energy spectra of five quark systems uudcc (I=1/2, S =0) and udscc (I=0, S =−1) are investigated with three kinds of schematic interactions: the chromomagnetic interaction, the flavor-spin dependent interaction and the instanton-induced interaction. In all the three models, the lowest five quark state (uudcc or udscc) has an orbital angular momentum L = 0 and the spin-parity J P = 1/2 − ; the mass of the lowest udscc state is heavier than the lowest uudcc state.
I. INTRODUCTION
The conventional picture of the proton and the corresponding excited states are a bound state of three light quarks uud in constituent quark model (CQM). Recently, an new measurement about parity-violating electron scattering (PVES) in JLab affords new information about the contributions of strange quarks to the charge and magnetization distributions of the proton, which provides a direct evidence of the presence of the multiquark components in the proton [1] . The importance of the sea quarks in the proton is also found in the measurement of thed/ū asymmetry in the nucleon [2] .
Theoretically, the systematic investigation of baryon mass spectra and decay properties in CQM shows large deviations of theoretical values from the experimental data [3] , such as the large Nη decay branch ratio of N * (1535) and the strong coupling of Λ(1405) to theKN. Riska and co-authors suggested that the mixtures of three-quark componentsand the multiquark componentsreduce these discrepancies [4] [5] [6] . In a recent unquenched quark model, by taking into account the effects of multiquark components via 3 P 0 pair creation mechanism, it is also very encouraging to understand the proton spin problem and flavor asymmetry [7] . Thecomponents could also be in the form of meson-baryon configurations, such as N * (1535) as a KΣ bound state [8] and Λ(1405) as aKN bound state [9] .
In the early 1980s, Brodsky et al. proposed that there are non-negligible intrinsic uudcc components (∼ 1%) in the proton [10] . Later the study of Shuryak and Zhitnitsky show a significant charm component in η ′ also [11] . It is natural to expect the high excited baryons contain a large hidden charm five quark components too. Recently, some narrow hidden charm N * cc and Λ * cc resonances were predicted to be dynamically generated in the PB and V B channels with mass above 4 GeV and width smaller than 100 MeV [12, 13] . These resonances, if observed, definitely cannot be accommodated into the frame of conventionaluark models. A interesting question is whether these dynamically generated N * cc and Λ * cc resonances can be distinguished from penta-quark configuration states [4] [5] [6] . To distinguish the two hadron structure pictures, it should be worthwhile to explore the mass spectrum of thecc consisted of the colored quark clusterc andc. The five quark configurations andc with exotic quantum numbers have been extensively studied in the chiral quark model [14] [15] [16] [17] , colormagnetic interaction model [18, 19] and instanton-induced interaction model [20] . In this work, we study the mass spectra of the hidden charm systems uudcc and udscc with three types of hyperfine interactions, color-magnetic interaction (CM) based on one-gluon exchange, chiral interaction (FS ) based on meson exchange, and instanton-induced interaction (Inst.) based on the nonperturbative QCD vacuum structure. This paper is organized as follows. In Section II, we show the wave functions of five quark states and Hamiltonians for the three types of interactions. In Section III, the mass spectra in the positive and negative sectors are presented. The paper ends with a brief summary.
II. THE WAVE FUNCTION AND HAMILTONIAN
As dealing with the conventional three quark model we need the wave functions and Hamiltonian to study the spectrum.
A. Wave functions of five quark systems
Before going to hidden-charm five quark uudcc and udscc systems with isospin and strangeness as (I, S ) = (1/2, 0) and (I, S ) = (0, −1), respectively, we first consider the four quark subsystem, which can be coupled to an antiquark to form a hidden-charm five quark system. We use the eigenvalue method as given in Ref. [21] 
where the upper indexes denote the charm number. The decomposition notations in Ref. [22] are adopted. In the current work we only consider the hidden-charm five quark system, which means charm number C=0. The states lying in the octet 8 0 and singlet 1 0 of thecc states carry the isospin and strangeness as (I, S )=(1/2, 0) and (I, S )=(0, −1) for the octet, and (I, S )=(0, −1) for the singlet, respectively, which are the states we need. [4] F symmetry form deculplet when combined with antiquarkc, which does not contain the isospin and strangeness quantum numbers we want. The uudc wave function can be constructed directly by replacement rules mentioned in Ref. [23] . The explicit form of uudc and udsc wave functions are relegated to Appendix A. The phase convention is same as in Refs. [5, 6] .
The general expression in the flavor-spin coupling scheme for these five quark wave functions is constructed as
whereJ is the total angular momentum of four quark and S the total spin of four quark, i is the number of thecc configuration in both positive and negative parity sectors, which will be given explicitly later.ψ C ,φ andξ s z represent the color, flavor and spinor wave functions of the antiquark, respectively. ϕ(rc) represents the space wave function for antiquark. The symbols C 
B. Hamiltonians
To investigate the mass spectrum of the five quark system, the non-relativistic harmonic oscillator Hamiltonian is introduced as in the light flavor case [24] :
where m i denotes the constituent masses of quarks u, d, s, c (and the antiquarkc), and P cm and M are the total momentum and total mass 5 i=1 m i of the five quark system. C and V 0 are constants. As pointed out by Glozman and Riska [23] , one may treat the heavy-light quark mass difference by including a flavor dependent perturbation term H ′′ 0 ,
with m denoting the u, d, s quark mass. The Hamiltonian may be rewritten as a sum of 4 separated hamiltonians in Jacobi coordinates. The perturbation term H ′′ 0 has the following form
where the Kronecker symbol δ ic means that the flavordependent term is nonzero when the i th quark of four quarks is charm quark. If the center-of-mass term is dropped, the matrix element of perturbation term on the harmonic oscillator state in the negative parity sector (L = 0) will be
where δ = (1 − m/m c )ω 5 with the oscillator frequency ω 5 = √ 5C/m. For other states considered in this work the matrix elements can be also written as such simple form.
The term H hyp reflects the hyperfine interaction between quarks in the hadrons. In this work we consider three types of the hyperfine interactions, i.e., flavor-spin interaction (FS ) based on meson exchange, color-magnetic interaction (CM) based on one-gluon exchange, and instanton-induced interaction (inst.) based on the non-perturbative QCD vacuum structure.
The flavor-spin dependent interaction reproduces well the light-quark baryon spectrum, especially the correct ordering of positive and negative parity states in all the considered spectrum [25] . The flavor dependent interaction has been extended to heavy baryons sector in Ref. [23] . Given that S U(4) flavor symmetry is broken mainly through the quark mass differences, the hyperfine Hamiltonian can be written as the following form [23, 26] 
where σ i and λ F i are Pauli spin matrices and Gell-Mann S U(4) F flavor matrices, respectively, and C χ a constant phenomenologically 20∼30 MeV. In the chiral quark model [25] , only the hyperfine interactions between quarks are considered while the interactions between the quarks and the heavy antiquarkc are neglected.
The chromomagnetic interaction, which have achieved considerable empirical success in describing the splitting in baryon spectra [27] , are intensively used in the study of multiquark configurations [22, [28] [29] [30] . A commonly used hyperfine interaction is as the following [29] ,
where σ i is the Pauli spin matrice, λ c i is the Gell-Mann S U(3) C color matrices, and C i, j the colormagnetic interaction strength. The quark-antiquark strength factors are fixed by the hyperfine splittings of the mesons. For an antiquark the following replacement should be applied [31] :
The instanton induced interaction, introduced first by ′ t Hooft [32] for [ud]-quarks and then extended to three flavor case [33] and four flavor case [34] , is also quite successful in generating the hyperfine structure of the baryon spectrum. The nonrelativistic limit of the unregularized quarkquark ′ t Hooft interaction has the form [34] [35] [36] [37] ,
where W f 1 f 2 is the radial matrix element of the contact interaction between a quark pair with flavors f 1 and f 2 , P F A ( f 1 f 2 ) the projector onto flavor-antisymmetric quark pairs; P C 3 and P C 6 the projectors onto color antitriplet and color sextet pairs, respectively; P D S =0 and P D S =1 the projectors onto antisymmetric spin-singlet and symmetric spin-triplet states, respectively. For a three quark system, only two quarksin a spin singlet state with the flavor antisymmetry can interact through the instanton induced interaction. Here, we phenomenologically consider the instanton-induced interaction of the nc and sc quark pairs, although some authors [38, 39] assume that the heavy flavor decouples when the quark gets heavier than the Λ QCD .
III. MASS SPECTRA OF uudcc AND udscc SYSTEMS
In this section, we present the numerical results for the lowlying spectra of the five quark systems of uudcc and udscc with the hyperfine interaction given by the color-magnetic interaction , the flavor-spin interaction, and the instantoninduced interaction, respectively. For the kinetic part and the confinement potential part of the Hamiltonian, we take the parameters of Refs. [23, 24] All other parameters for three different hyperfine interactions are listed in Table I . For the FS model, the C χ parameter is taken from Ref. [24] . For the CM model, we take the C i, j parameters of Ref. [29] , determined by a fit to the charmed ground states. With all these Hamiltonian parameters fixed and the wave functions of five quark system outlined in the Sect.II, the matrix elements of Hamiltonian for various five-quark states can be calculated.
For the uudcc and udscc systems, the lowest states are expected to have all five quark in the spatial ground state of [4] X configuration and hence negative parity. For the construction of color-flavor-spin wave-functions, the convenient coupling schemes for the FS and CM models are different, i.e., [1111 For subspaces of J P = 1/2 − and 3/2 − , some non-diagonal matrix elements of Hamiltonians are not zero and lead to the mixture of the configurations with the same spin-parity. After considering the configuration mixing, the eigenvalues of the Hamiltonians of the five quark udscc and uudcc systems in the spatial ground state are listed in Table IV For the lowest spatial excited states, one quark should be in p-wave, which results in a positive parity for the five quark system. For the udscc system, there are thirty four wave functions with spin-parity 1/2 + and 3/2 + , twenty two with 5/2 + and four with 7/2 + . Similarly, there are too many states for uudcc system. Here, ten of all states with spin-parity 1/2 + , five lowest states with spin-parity 3/2 + , five lowest states with 5/2 + , and all the states with spin-parity 7/2 + are listed Table VIII in terms of the energy.
While in the negative parity sector there are three subspaces for 1/2 − , 3/2 − and 5/2 − , respectively, for the positive parity sector, there are four subspaces for 1/2 + , 3/2 + , 5/2 + and 7/2 + , respectively. In the process of the calculation, we take the L-S coupling scheme with standard Clebsch-Gordan coefficients of the angular momentum [40] . For the flavor-spin and instanton-induced interactions, due to the ignoring of quarkantiquark interaction, the 1/2 + and 3/2 + states of the same
In the CM model, the two states of the same configuration but different four quark angular momentumJ have a small splitting magnitude of several MeV as shown in Table VIII . Here only the masses of several lower energy states, which are more interesting to us, are listed in Table VIII . The non-zero off-diagonal matrix elements introduce the mixture of the configurations with the same quantum number. The different hyperfine interactions give different admixture of configurations of certain state, which will result in different patterns of the electromagnetic and strong decays. The mixing effect has been explored in light quark sector, such as the decay of nucleon resonances N * (1440) [6] and N * (1535) [41] .
For the udscc system, in the CM model withoutinteraction, the SU (3) Different hyperfine interactions predict different configurations for the lowest five quark states, which will result in different decay patterns and can be checked by future experiments.
IV. SUMMARY AND DISCUSSIONS
In this work we have estimated the low-lying energy levels of the five quark systems uudcc and udscc with the hidden charm by using the three kinds of hyperfine interactions. The hidden charm states are obtained by diagonalizing the hyperfine interactions in each subspace with the same spin-parity. For the colormagnetic interaction, flavor-spindependent interaction and Inst.-induced interaction, all the models predict that the lowest states of the five quark systems udscc and uudcc have the spin-parity 1/2 − . The absolute value of the negative hyperfine energy for the configuration [4] FS [22] F [22] S in the positive parity sector is larger than the case of the [31] 
S in the negative parity sector. But this difference cannot overcome the orbital excited energy of the P-wave five quark system. This is in contrast with the situation in the light flavor sector with the chiral hyperfine interaction [24] , due to the fact that the hyperfine splitting depends on the quark masses and gets weak for heavy quarks. In addition, for the flavor-spin interaction, the lowest uudcc state has negative parity, which is opposite to the lowest positive parity state of uuddc system containing only one heavy antiquark [15] . The four quarks uudd with colored quark cluster configuration [31] X [4] FS [22] F [22] S are strongly attractive due to the diquark structure [ud] [ud]c. However, the c quark in the diquarks [ud] [uc] with the same flavor-spin symmetry reduces to a large extent the hyperfine interaction energy. The instanton-induced interaction only operates on the color sextet and antitriplet diquark, and thus favors as well the similar diquark structure. The P-wave diquark-triquark structure [ud] [udc] is discussed under the colormagnetic interaction [19] and is almost as low as the [ud] [ud]c [42] . It would be of interests to study the configurations of [ud] [ucc] and [ud] [scc].
The coupled-channel unitary approach [12] predicted that the bound stateD s Λ c is 30 ∼ 50 MeV lower than the bound stateDΣ c . In the chiral quark model [13] , there only exists the bound stateDΣ c . In the present model, for the colored-cluster picture with three kinds of the residual interactions, the lowest udscc system is heavier than the uudcc system. So the meson-baryon picture and the penta-quark picture give different prediction on the mass order of the super-heavy N * and Λ * with hidden charm. In the CM model, the lowest 1/2 − and 3/2 − states, corresponding to the same four-quark configuration, are split by the quark-antiquark interaction. And the 3/2 − state of the udscc and uudcc system is about 150 MeV heavier than the corresponding 1/2 − state. In the FS and Inst. models, due to the lack of the quark-antiquark interaction, the two states degenerate.
In addition, we have also discussed the admixture pattern of the configurations with the same quantum numbers. The quark mass difference and quark-anti-quark interaction are the two sources of generating the configuration mixing, and the latter more important for the configuration mixing and mass splitting of penta-quark states. Since various configurations will result in different electromagnetic and the strong decays, the study of the decay properties may provide a good test of the models.
Experimental observation of the super-heavy N * and Λ * with hidden charm and their decay properties from pp reaction at PANDA and ep reaction at JLab 12 GeV upgrade are of great interests for our understanding dynamics of strong interaction.
